Gut contents of anuran larva (Elachistocleis bicolor, Chaunus schneideri, Odontophrynus americanus, Scinax fuscovarius, and S. granulatus) that coexist in a semi-permanent waterbody from Iguazú National Park (Misiones, Argentina) was analyzed. Our objective was analyse the gut contents of different tadpole species that coexist in the same water body during seasons of minimum and maximum precipitation, to increase the knowledge of the natural history of these tadpoles. Elachistocleis bicolor (obligate-suspension-feeder) it presents only planktonic algae in its gut (92%). In gut of S. fuscovarius and S. granulatus (nektonic) planktonic algae were abundant, especially in the rainy season (14 and 41%). The guts of C. schneideri and O. americanus (benthic) showed sediments (55% and 17.5%) and vegetable fibers (33 and 61%). The largest particle size (< 100 µm) was found in the guts of C. schneideri and the smallest (< 25 µm) in O. americanus and E. bicolor.
INTRODUCTION
For several decades, the diet of exotrophic anuran larvae was examined in the context of freshwater phytoplankton communities (Farlowe 1928 , Savage 1952 , Costa & Bramamian 1965 . Heyer (1973) and Inger (1986) examined the gut contents of tadpoles from Thailand and Borneo rainforests, respectively, to associate diet with microhabitat and recognized different modes of feeding. Heyer (1976) found temporal distribution patterns of larvae species occurrence in several ponds of Thailand. In Argentina, studies on tadpole diet are scarce (Lajmanovich 1994 , Lajmanovich & Faivovich 1998 . Feeding particles have been reported by Viertel (1990 Viertel ( , 1992 in brief reports of suspension feeder tadpoles at low concentration of particles. Altig & Johnston (1989) summarized most of the information concerning feeding modes, microhabitat use, and tadpole behaviour. In a waterbody, tadpoles use a wide range of microhabitats for feeding and exhibit different morphological characteristics and behaviours. Hoff et al. (1999) assumed that tadpoles in general, should be considered opportunistic omnivores or detritivores. Different items reported from the intestines of tadpoles include detritus, sediments, animal and vegetable components (Sanderson & Kupferberg 1999 ). Among the latter, periphyton is the most frequently reported item (Dickman 1968 , Kupferberg et al. 1994 . Studies of gut contents sometimes indicate interespecific and site differences in diet of anuran larvae (Heyer 1976 , Waringer-Loschenkohl 1988 , Skelly 1995 . Attached algae and diatoms are important tadpole food items (Sanderson & Kupferberg 1999) . Observations of diatoms in tadpole feces (Kupferberg et al. 1994) showed that many cells passed through the gut with frustules intact, but with cell contents gone. Echeverría & Conforti (2000) found euglenoids living in the intestine of E. bicolor tadpoles, and concluded that euglenoids are not part of larvae diet. Some larvae feed on attached algae and have displayed the ability to distinguish and differentially consume high quality taxa that are rich in proteins and lipids (Kupferberg 1997a) . The increase in abundance and diversity of phytoplankton in a pond is related to the rapid growth of algae during spring and to climatic conditions (Izaguirre et al. 1986 ). Exogenous food effects supplies on growth and development have been interpreted mainly from and ecological perspective (Sanderson & Kupferberg 1999) within several subjects (i.e.: predation, competition, phenotypic plasticity (Werner 1986 , Smith & Van Buskirk 1995 , Kupferberg 1997 . The abundance of tadpoles in lenthic waterbodies is associated with the reproductive cycles of adult anurans (Heyer 1973) . Gallardo & Varela de Olmedo (1992) documented reproductive period of the anurans in Northeastern Argentina and found that it extends from early spring (September) to late summer (March). Northeast Argentina is rich in lenthic waterbodies where several species of anuran tadpoles usually coexist in the same season (Cei 1980) . The aim this study was to analyse the gut contents of different tadpole species that co-occurred in the same water body during seasons of minimum and maximum precipitation, to increase our knowledge on their natural history.
MATERIALS AND METHODS
The study area is located in Iguazú National Park in the Province of Misiones, Argentina (25°31'-25°4 3'S; 54°08'-54° 32'W). The climate is temperatesubtropical and rainy, with no dry season. The annual mean precipitation is 1784 mm with precipitation peaks in October and May (approx. 200 mm) and minimum in March (approx. 100 mm). Monthly mean temperatures vary between 31° C and 10° C. The mean annual evapotranspiration is 1050 mm, with evapotranspiration peak in January (Montanelli 2001). Sampling was carried out in a shallow semipermanent pond, known locally as Laguna Viejo Aeroparque (maximum area: 15,000 m 2 ). This pond was selected because it is an important breeding site in the Iguazú National Park for several anuran species. It semi-permanent condition allowed taking samples in two different times: maximum and minimum rainfall. Rooted emergent vegetation was composed of short grasses and bushes, and decaying plant material accumulated on the bottom. The maximum pond depth recorded during the period of heaviest rainfall was 500 mm, and the minimum depth ranged from 20 to 50 mm. Tadpole samples were taken when the pond was completely filled with water (October 1989 and February 1990) , and Diet of tadpoles of Iguazú National Park: ECHEVERRÍA, D. ET AL. when the pond was almost dry (January 1990). Five species of anuran tadpoles co-occurred in Laguna Viejo Aeropuerto. A total 37 tadpoles were collected: Elachistocleis bicolor (Valenciennes, 1832), n= 6; Chaunus schneideri (Werner 1894) n=9; Odontophrynus americanus (Duméril and Bibron, 1841), n=8; Scinax granulatus (Peters, 1871), n=7; and Scinax fuscovarius (Lutz 1925), n= 7. The tadpoles were identified based on by previous descriptions (Cei 1980 , Echeverría 1996 , and personal observations (two tadpoles of each species were kept until metamorphosis took place). Taxonomic terminology follows Frost et al. (2006) . Scinax fuscovarius tadpoles were found in October and January, those of S. granulatus in February, and those of the remaining species only in October. Gosner's developmental stages ranged from 31 to 38, except for Scinax fuscovarius (stage 25) in October. Tadpoles were fixed in toto in 10 % neutral formalin and staged according to Gosner (1960) . Gosner's developmental stages ranged from 31 to 38, except for Scinax fuscovarius (stage 25) in October. Based on morphology and field observations tadpoles were grouped into the following three ecomorphological types: E. bicolor (obligate suspension feeder), C. schneideri and O. americanus (benthic), and S. granulatus and S. fuscovarius (nektonic), according to the classifications of exotrophic larvae described by Altig & Johnston's (1989) and McDiarmid & Altig (1999) . Guts were completely removed and the contents of the anterior and mid-portions were analysed. Gut contents analyses were based on about 10% of total of the contents of both gut portions. The food items were identified and quantified using a 40 x objective microscope with a micrometric ocular. We counted several microscope fields per individual until reaching a constant frequency for each item. We used the identification keys of Cyanobacteria, Heterokontophyta (diatoms) and Chlorophyta proposed by Velez & Maidana (1995) , and followed the taxonomy suggested by Anagnostidis & Komárek (1988) , Van Den Hoek et al. (1995) and Komárek & Anagnostidis (1999) . Undamaged algae were counted and their maximum length was measured in µm. All other items were classified as animal remains (fragments of arthropods), plant debris (fibers of vascular plants from unidentified species, and damaged but recognizable fibers of Spirogyra sp.), and sediments. The amount of each trophic item was expressed as a percentage of the total gut content per tadpole. The animal remains were quantified individually when its fragmentation prevented the specific identification. Some prey taxa acting as indicators of microhabitat use were used to relate tadpole ecotype to diet. The ecotypes of algae were assigned according to Bourrelly (1970 Bourrelly ( , 1972 Bourrelly ( , 1981 , and De Wolf (1982) . Frequency values were calculated for February and October, when the pond was completely filled with water. In the case of S. fuscovarius, food items of October and January were compared. Comparisons between frequencies of planktonic and benthic items in tadpole gut contents per species were analyzed using the Chi-square test (x 2 ), if there was feeding items predominance.
RESULTS
The diet compositions among individual tadpoles of the same species do not showed extreme variations. The gut contents of E. bicolor were exclusively composed of diatoms and chlorophytes, and lacked sediments and animal remains (Table I) . Melosira varians, Closterium gracile and Ulothrix sp., which are planktonic algae were the most frequent, and accounted for 92% of the taxa identified. The remaining 8% were algae with varied habits (Table II) . Most particles were < 25-50 µm (Table III) . The trophic spectrum of the benthic and nektonic tadpoles was comprised of animal remains, plant debris, diatoms and sediments (Table I) . Plant debris was abundant in O. americanus, S. granulatus and S. fuscovarius. Sediments were absent in S. granulatus, and were abundant in C. schneideri and S. fuscovarius. Chaunus schneideri showed the highest percentage of sediments in October. Scinax fuscovarius doubled its percentage of sediments in January. There were a low proportion of algae in the gut contents of benthic and nektonic tadpoles (Table I) . Diatoms represented less than 1% of the total gut contents of benthic tadpoles (Table I ). In C. schneideri, diatoms (Navicula sp., Pinnularia sp. and two species of Chroococcus), accounted for 80% of the total algal items (Table II) . The diatoms Navicula sp. and Nitzschia sp. were the largest particles (>100 µm) identified, others showed a wide range of sizes (Table III) (<1%), were found in different proportions. Their particle sizes varied from < 25-100 µm (Table II, III) . In February (low precipitation), high amounts of animal rest and plant debris were found, without sediments in S. granulatus. In October, the gut content of S. fuscovarius presented high proportion (84%) of Navicula sp. and Nitzschia. Melosira varians and Closterium gracile, which are planktonic algae, were also present. Their particle sizes varied from < 25 to 100 µm (Table II, III) . The comparison between the frequencies of Pinnularia sp. =11.2, P<0.001) respectively. In January (low precipitation), S. fuscovarius showed scarce planktonic components (0.6%) according to the decrease of water level and an increment in sediment frequency (Table I, II) .
DISCUSSION
Our results indicate that the tadpoles of five species coexisting in Laguna Viejo Aeroparque (Misiones, Argentina) are mainly phytophagous, but most showed substantial amounts of sediment in their guts. The proportion of planktonic algae and sediments varied among species. Elachistocleis bicolor and S. granulatus only showed planktonic organisms. In October and February, when the pond was completely water-filled, the absence of sediments in the gut contents in these tadpoles may indicate that they frequently feed in the water column, displaying nektonic behaviour. The feeding place of S. granulatus is associated to vegetated area of the waterbody; this explains the absence of sediments and the high frequency of plants and animal rest in its gut content. The sediment proportion recorded in the gut contents of S. fuscovarius specimens varied with changes in the water level of the pond. This result supports the great microhabitat versatility of S. fuscovarius, which may alter its feeding in response to changes in the environments. In this species, sediments represented 25 % of the total gut content of tadpoles collected when the pond was water-filled (October) and 50% of the total gut content when the pond was almost empty (January). The tadpoles collected in January may have been compelled to feed on the bottom due to the low water level of the pond (generated for the high evapotranspiration). Such a plastic response would be impossible to accomplish for obligate suspension feeders. The sediment content varied between the two species with benthic behaviour, O. americanus and C. schneideri. The latter species showed a higher tendency to feed on the bottom than O. americanus. Gallardo (1963 Gallardo ( , 1974 observed that O. americanus larvae have a tendency to feed on carrion, particularly dead tadpoles, and swim up to the water surface to breath. The occurrence of C. turgidus in the gut content of O. americanus and C. schneideri may be evidence of vertical movements and therefore, they should be regarded as opportunistic rather than nektonic species. In spite of the high diversity of prey items recorded in the gut content of tadpoles, only a few of them can be used as indicators of microhabitat use. The pond conditions in October allowed these tadpoles to select the feeding microhabitat, without being forced by low water levels to feed on the bottom. This fact seems to be confirmed by the finding of a high proportion of sediments and vegetable fibers in the gut contents of these anuran species. Even when the pond was totally filled, C. schneideri showed the highest percentage of sediments. Such vegetable fibers may have come from the bottom of the pond. The gut contents of Elachistocleis bicolor were mostly composed of planktonic algae (Melosira varians, Closterium gracile and Ulothrix sp.) This species shows the typical nektonic behaviour, since they feed almost exclusively in the water column (Echeverría & Conforti 2000) . The presence of Closterium turgidus has been reported in the gut contents of nektonic tadpoles of Phyllomedusa tetraploidea, a suspension-rasper (sensu Altig & Johnston 1989), (Lajmanovich & Faivovich 1998) . This finding, together with our results, may represent another link between algal indicators and tadpole ecomorphological types. Although the sample size is small, our results showed the feeding preference in the water body of the larvae. Besides, E. bicolor is an oral suction feeder, having no keratinized mouth parts, while the rest of the studied species use mainly horny teeth for feeding (Echeverría & Montanelli 1992 , 1995 , Echeverría 1996 , 1998 , Echeverría & Lavilla 2000 . The great variation in the oral morphology of tadpoles, together with the wide spectrum of prey items and particle sizes available in the pond may explain the diversity of food recorded in the gut content of tadpoles in this study.
